J en s G r u m a n n , T i h o m i r M o r o v i Ć a n d W a l t e r G r e in e r Institut für Theoretische Physik der Universität Frankfurt (Main), Germany The potential energy surface has been calculated by two methods which are compared with re spect to spontaneous fission. In the first one essentially the sum of the single particle energies is computed as was done in a previous paper 3 while in the second one the Strutinsky technique of renormalizing to a liquid drop model has been applied. Also the half-lives for electron capture are investigated together with the predictions of the half-lives for spontaneous fission and a-decay. The results support the existence of superheavy nuclei in the regions around Z = 1 1 4 and Z = 164.
I. Introduction
The stability of superheavy elements has been previously investigated 1_3. Islands of stability were found around Z = 114, N = 196 and around Z = 164, TV = 318. The latter one occurs far beyond the known stable nuclei. The fusion reactions, which lead into the vicinity of these islands of stability mostly result in neutron deficient nuclei.
In this paper we investigate again these two regions of stability with an additional decay channel taken into consideration: The possibility of suc cessive electron capture to pass from neutron poor nuclei to the neutron rich (and thus more stable) nuclei in the islands of stability is investigated. The calculational procedure for electron capture is presented in Section V, while the results are given in the 6-th section. It turns out, that this electron capture process is too slow compared with a-particle-and fission decay to improve the reaction conditions for the upper island at Z = 164.
We present, furthermore, a comparison and discussion of two methods for the determination of the collective potential energy surface (PES) (Sec tion III). The first one consists in the simple summation of the single particle energies (with cor rections for pairing and Coulomb forces) while the second one uses the shell correction method of Strutinsky. Special attention has been given to the * This work was supported by the Deutsche Forschungs gemeinschaft and by the Bundesministerium für Bildung und Wissenschaft. Reprints request to Prof. Dr. W. G r e i n e r , Institut für Theoretische Physik der Universität Frankfurt/M., D-6000 Frankfurt/M. 1, Robert-Mayer-Straße 8/10. 1 U. M o s e l and W. G r e i n e r , Z. Phys. 217, 256 [1968] . -U. M o s e l and W. G r e i n e r , Z. Phys. 222, 261 [1969] .
possibility of oblate fission3 of superheavy nuclei. It is found, that both methods of computation agree reasonably well on the predictions of the prolate barriers. In the case of the oblate barriers the development of a more center liquid drop model is necessary in order to apply the renormalization method.
We have also studied the influence of variations in the extrapolation of the semi empirical mass for mula on the locations of the beta stable vally, in the region of the quasi stable islands. This is discussed in Section IV and, together with the lifetimes of the various decay channnels, in the last Section VI.
II. Potential Energy Surface
In the discussion of the stability of nuclei against spontaneous fission the potential energy surface (PES) plays a central role. We shall sketch briefly two methods which are used in this paper for computing the PES. More details and an extensive discussion of the method can be found in refer ences *~3.
One method starts from an anisotropic threedimensional oscillator of the form 4 H = T + y {co 2 x-+ (O y2 y2 + co2 z2}
2 S. G. N i l s s o n , S. G. T h o m p s o n , and C. F . T s a n g , Phys.
Letters 28 B, N o . 7, 458 [1969] .
In the intrinsic system one obtains through a selfconsistency argument the connection between the oscillator frequencies, and the deformation parame ters (a0 , a2) which specify the axes of the ellip soidal nuclear shape. The strength of the spinorbit and I2-terms are extrapolated with a formula given by Se e g e r and P e r is h o 5 into the region of superheavy nuclei. 
M = 2D

III. Comparison o f the M ethods
In comparing these two methods of computation, we have to keep in mind that in both models we restrict ourselves in the Hamiltonian ( 1 ) to pure ellipsoidal surfaces and the influence of higher order effects (that means: more complicated surfaces) be comes more important, if the deformation is greater than | a0 \ = 0.4. This region is, in the case of super heavy nuclei, already "behind" the saddlepoint where the PES (4) calculated in the pure single particle mo del increases rapidly to infinity for increasing | a0 | . Thi s is so, because the sum of the zero point energies increases in the Nilsson model with the deformation to infinity. In the Strutinsky method this effect of the Nilsson shell model is avoided because of the renormalization procedure. However, as the general trend is given by the LDM, the surface energy causes the energies to increase with deformation, in the interval j a0 | < 0 .4 , up to nuclei around Z = 114. Since the surface energy continues to increase for ellipsoidal shapes if the deformation increases further, the PES will increase in both procedures of calculation and, therefore, ellipsoidal shapes fail to describe the behaviour of the nuclei if j a0 j 0.4. For the influence of the vibrational de gree of freedom (a2) on the fission barriers is sm all1, relative to that of a0 , we set a2 to zero in the Hamiltonian ( 1 ) and in the surface-and Cou lomb energy (ellipsoidal and quadrupole shaped) of the mass formula.
Indeed, some calculations of the PES according to the method (5 ), in which the same parameters for calculation of the shell correction were used as in the model (4 ), reveal the following: For sur- Fig. 1 . The correction functions (normalized to a sphere), which involve the total deformation dependence of the LDM ® . The two rising curves belong to the surface term, for an ellip soidal (full line) and quadrupole surface (dashed line). The dot-dashed (quadrupole surface) and dotted line (ellipsoidal surface) show the dependence of the Coulomb energy on the deformation. There is nearly a congruence for both shapes by prolate deformations, but remarkable differences for strongly oblate values.
10 W. J. S w i a t e c k i , Second United Nations International 11 We thank R. F r a s e r for computing the coefficients. Conference on Peaceful Uses of Atomic Energy, Geneva 1. Sep. -13. Sep. 1958, Vol. 15, page 248. faces which belong to the intervall -0.2 < a 0< 0.2 both models agree very well in their trends. Some differences in the absolute values (for example the stiffness against vibrations etc.) can be eliminated by a new fit. The prolate fission barriers appear at the same deformations and show the same trend. But in the LDM-based calculations there are no oblate barriers for all the nuclei up to Z~ 114. Only in the region around Z = 164 the oblate barrier occurs in both models (see Figs. 2 and 3) . R. F r a s e r and W . G r e i n e r , to be published. 13 R. F r a s e r , J. G r u m a n n , and W . G r e i n e r , submitted to Phys. Rev. Lett. come unstable at the oblate saddle point thus lead ing to ternary fission. One thus can conclude that in order to investigate the possibility of oblate fis sion further the asymmetric (^-dependent) shell models have to be studied and -more correctlythe more-center-shell models have to be developed especially in connection with multiple fission pro cesses u . model based, that predict the binding energies. We tried to use that one, which shows the best agreement with the experimental data, but keeps the computing time as low as possible, namely the mass-formula of M y e r s and Sw ia t e c k i 9. It keeps the maximal difference between "theoretical" and "experimental" data within 5 MeV 15. It also contains some kind of shell correction due to the nuclear shell structure and incorporates nuclear deformations in a crude manner. So one can say that the formula contains a great amount of our knowledge about nuclear mat ter. For axially symmetric nuclei the formula has the form: 
IV. Mass Form ual and Binding Energies
For the calculation of radioactive decays, the nuclear binding energies are needed in order to obtain ^-values for the various break-ups. There are various mass formulas, phenomenological or 14 Such work is in progress by H. D i e h l , P. B e r g m a n n , and H. J. S c h e f f e r , Institut für Theoretische Physik der Uni versität Frankfurt (Main). Rev. Mod. Phys. 30, 1169 [1968 .
B(N,Z; a) = CiA -c 2A'H l + fos-tto o .3) (11)
-T. Z -1 ,N + 1) -B{Z,N) -1 .2 9 4 + ß n(e );
Bn(e) is the total energy of the bound electron including the electron rest mass in the n-shell. The binding energies have been calculated as above, but in the region around Z = 114 we used also the bind ing energies calculated by S e e g e r and P e r is h o 5.
The electrons of such heavy nuclei have to be treated relativisticly and thus the Dirac equation for bound electrons has to be solved exactly. This was done, as by Fig. 7 . Beta stable valley for the region around Z = 164; a) using the formula (11) with the set I; b) the same as a) but using the set II; c) the same as a) but changing the parameters a, and a2 as follows: increasing the asymmeary constant by 5 percent or increasing asymmetry and surface constant each by 5 percent or decreasing both by 5 percent.
where the nuclei are stable against spontaneous fission. But in comparison with the nuclei around Z = 164 (Fig. 11) were the influence of the magic neutron number TV = 318 is evident, we cannot determine clearly whether TV = 1 8 4 or TV = 1 9 6 or both are magic numbers in the region around Z = 114. Therefore, we used both as magic numbers by calculating the binding energies.
Taking all the decay channels into account, we see that around Z = 114 electron capture does not have any importance as the half-lives are much longer than those of fission and alpha decay. Especially, at the neutron poor side, alpha halflives become very short and in Figs. 9 a and 9 b we see that the general trend, to follow the beta-stable 'ig. 9 a. The a-decay half-lives for the region Z = 114 assum ing, that N = 184 being magic. Units 10log (years). a regular shift to the neutron rich nuclei (Fig. 10 c) . In order to determine which nuclei are stable we add the contours for spontaneous fission, electron capture, beta-stability and alpha-decay (Figs. 14 and 15) and note that for both magic numbers the nuclei around Z = 1 1 0 and /V = 1 8 4 have a lifetime of almost a year. In the region around Z = 164 the beta-stability line lies above the fission and alpha-stable region (Fig. 16) . Due to the uncertainty of the parameter extrapolation we used in this region two parameter We can also see that through the successive EC one cannot reach quite stable nuclei in the region Z = 1 1 4 , because the a-half-lives are smaller by several orders of magnitude at the neutron poor side of the island. Furthermore, in the region Z = 164 the beta-stability line lies too far above the stability island. This, of course, relies on the far extrapola tion of the mass formula and on the shell model. It may, therefore, be quite possible that these results can be changed favorably as well as more unfavor ably. 
